L-Threonine has been widely used as a supplement in the food, pharmaceutical, and cosmetic industries. Here, we present a high-quality draft annotated genome sequence of Escherichia coli XH001, a producer of L-threonine in industry. Its genome and plasmid sequence will provide clues about the molecular mechanisms underlying its beneficial properties.
L-Threonine is one of the eight essential amino acids in the body (7) . It is increasingly demanded for its wide applications in the food, pharmaceutical, and cosmetic industries (1) . Microbial fermentation is the major method for producing L-threonine. To date, Escherichia coli mutant strains are the dominant industrial producers of L-threonine (6) . Due to the fact that lots of reports about Escherichia coli for producing L-threonine are present in the form of patents (4, 10), not much is known about the genomes and plasmid sequences of these producing strains. Here, we report the draft annotated genome sequence of Escherichia coli XH001, which is used to produce L-threonine in industry. The genome and plasmid sequence of Escherichia coli XH001 will open new perspectives for the breeding strategies of other strains producing amino acids, such as lysine and arginine.
A library containing 500-bp inserts was constructed to sequence the Escherichia coli XH001 genome on the Illumina Genome Analyzer IIx instrument at Beijing Genomics Institute (BGI; Shenzhen, China), generating 634 Mbp of sequence. Reads were assembled using the SOAPdenovo software, version 1.04 (9), generating 107 scaffolds containing 177 contigs spanning 4.82 Mbp of sequence, which is larger than the reference genome Escherichia coli K-12 (3). The remaining intrascaffold gaps were closed by Sanger sequencing of PCR products. The complete nucleotide sequences of the pVZ321-thrLABC plasmid were determined by Sanger sequencing by using the primer walking strategy.
Genome and plasmid annotations were performed at the NCBI Prokaryotic Genomes Automatic Annotation Pipeline, where 4,616 open reading frames (ORFs), five rRNA fragments, and 76 tRNAs were identified using Glimmer 3.02 (5), RNAmmer (8) , and tRNAscan-SE (12), respectively. The plasmid pVZ321-thrLABC of XH001 is 16,124 bp in length, with an average GϩC content of 54.37%, which contains 18 protein-coding genes.
The plasmid pVZ321-thrLABC is a pVZ321 derivative recombinant plasmid (2) containing the mutant operon thrABC.
The pVZ321 is a low-copy-number cloning vector containing kanamycin and chloramphenicol resistance. By comparative analysis of the mutant thrABC operon with the Escherichia coli K-12 reference genome (3), we found a mutation at amino acid position 253 of aspartate kinase I (ThrA, Glu3Lys) resulting in the removal of feedback inhibition by L-threonine. Overexpressing the mutant thrABC operon will enhance the carbon influx of the L-threonine biosynthesis pathway, which could make Escherichia coli XH001 accumulate L-threonine. To date, three permeases show activity in exporting L-threonine out of the cell in E. coli. They are RhtA, RhtB, and RhtC, encoded by genes rhtA, rhtB, and rhtC, respectively (11). We identified a point mutation (A3G) upstream of the start codon of rhtA in E. coli XH001, which may increase the rhtA gene expression. However, most of the other genes encoding the enzymes involved in intracellular consumption of L-threonine (ilvA, tdcB, tdh, ltaE), the L-threonine uptake carrier (tdcC), and the transcriptional attenuation of the thrABC operon (13) remain unchanged, indicating the potential for further strain improvement.
Nucleotide sequence accession numbers. This whole-genome shotgun project has been deposited at DDBJ/EMBL/GenBank under the accession number AFYG00000000. The version described in this paper is the first version, AFYG01000000.
